The growing concentrations of the greenhouse gases CO2, CH4 and N2O (GHG) in the atmosphere are often considered as the dominant cause for the global warming during the past decades. The reported temperature data however do not display a simple correlation with the concentration changes since 1880 so that other reasons are to be considered to contribute notably. An important feature in this context is the shrinking of the polar ice caps observed in recent years. We have studied the direct effect of the loss of global sea ice since 1955 on the mean global temperature estimating the corresponding decrease of the terrestrial albedo. Using a simple 1-dimensional model the global warming of the surface is computed that is generated by the increase of GHG and the albedo change. A modest effect by the GHG of 0.08 K is calculated for the period 1880 to 1955 with a further increase by 0.18K for 1955 to 2015. A larger contribution of 0.55 ± 0.05 K is estimated for the melting of polar sea ice (MSI) in the latter period, i.e. it notably exceeds that of the GHG and may be compared with the observed global temperature rise of 1.0 ± 0.1 K during the past 60 years. Our data also suggest a delayed response of the mean global temperature to the loss of sea ice with a time constant of approximately 20 years. The validity of the theoretical model and the interrelation between GHG-warming and MSI-effect are discussed.
The effect of GHG gases for the global warming stems from the spectral properties of these gases.
CO2 and the two gases CH4 and N2O display well-known absorption bands in the far infrared (FIR) for the thermal emission of the terrestrial surface leading in combination with atmospheric water to the well-known greenhouse effect (22) . Water is most important because of its broad absorption features in the FIR. The situation is well documented by satellite measurements (23, 24) . Those data also show that the FIR bands of carbon dioxide and other gases in turn give rise to thermal radiation that is weaker because of the lower temperature in the atmosphere (compare StefanBoltzmann law) (25) . is plotted versus frequency in units of wave numbers in the range 0 -3100 cm -1 (black line, left hand ordinate scale). The concentrations refer to 1880. The total absorption, A = 1, in the centers of the narrow CO2 bands at 667 and 2349 cm -1 is readily seen (26) . The strong absorption of H2O (1270 to 2150 and above 2800cm -1 ) is noteworthy. The regions with smaller water absorption (A < 1) represent the spectral windows of the atmosphere for the thermal emission of the terrestrial surface into the universe (27) . The combined absorption of N2O around 589, 1285 and 2220 cm -1 (28) and of CH4 around 1300 cm -1 (26, 28) is shown by the red curve in We have carefully measured the FIR transmission of CH4, N2O and of CO2 in the wave number range 400 to 4000cm -1
. The water data are taken from an online database (29) . Our experimental system was a Tensor 27 Fourier-transform infrared spectrometer (Bruker Optics) with a spectral resolution of 0.4cm -1
. Optically thick samples were investigated using an absorption cell of 10cm
with KBr windows. To remove impurities, the sample was filled and evacuated several times with high purity gas. The total pressure with N2 buffer gas was kept at 2 bar for measurements in the range 220 -295 K. The temperature was controlled by a cryostat and directly measured in the sample. Part of the CO2 data were published recently (30) .
THEORETICAL MODEL:
The change of the mean global temperature ∆Tsurf of the terrestrial surface is calculated by a 1-dimensional model as a function of the concentrations xi of the GHG (subscripts M=CH4, N=N2O, C=CO2) and the albedo. The model is based on the spectroscopic properties of the gases and empirical results, e.g. the albedo factor in 1880 and the solar radiation input. The atmosphere is represented by four layers with mean temperatures Tj (j = 1 -4). The approach is an extension of the well-known 2-layer model for the greenhouse effect (30) (31) (32) . We consider the 1-dimensional treatment quite satisfactory in the sense of a Taylor expansion of the (unknown) function ∆Tsurf depending on a variety of local and seasonal parameters and GHG concentrations, where second and higher order terms are neglected. Retaining only the first order terms of the expansion, the problem is linearized and averaging over the manifold of parameters can be interchanged leading to a 1-D treatment. We have also considered an analogous 4-layer model arriving at similar results.
It is concluded that our 5-layer approach provides realistic data on the mean global temperature change (see below). 
The surface is represented by a black radiator with intensity s Tsurf The reported concentrations xC, xM and xN of the GHG -used in our computations -are plotted in We emphasize that the simple 1-dimensional model of Eqs. 1 and 2 appears reliable. Tentatively we have extended our computations to a 2-dimensional approach incorporating the distinct variations of the solar input according to the geographical latitudes of the earth, arriving at similar results (deviations of several % compared to the 1-dimensional model; data not shown). Because
In conclusion we wish to say that we have performed a study of the infrared properties of carbon dioxide, methane, dinitrogen-oxide and water to estimate their contribution to the global warming 
